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Abstract
Based upon the recent study by TMS Engineers, Inc. on the section of South Belvoir
Boulevard between Washington Boulevard and Carroll Boulevard, a new pedestrian hybrid
beacon is designed. Using their recommendations, this traffic signal provides a unique design
focused on the safety of pedestrians crossing South Belvoir. This hybrid beacon will minimize
pedestrian waiting time, require no interaction from the pedestrian, and clearly articulate to
drivers and pedestrians the proper behaviors.

Doughty 1

Introduction
In 2011, TMS Engineers, Inc., a specialized transportation and traffic engineering
consulting firm, began studying the traffic on South Belvoir Boulevard. The study area covered
the portion of South Belvoir between Washington and Carroll Boulevards. Collectively the
University Heights, South Euclid, Cuyahoga County, and state governments were working on
projects to improve the overall road conditions of South Belvoir. Initially, the plan was to
repave the road and remove the traffic signal.
John Carroll University, wished to have this portion of South Belvoir permanently closed
to through traffic. Doing so would improve both the beautification of campus and the safety of
students. With these conflicting goals, an outside party, TMS Engineers, Inc., was brought in to
determine the necessity of a traffic light at this location1.
TMS Engineers made a series of recommendations following their traffic study. Several
of these involved traffic calming measures which have been implemented on campus already.
Additionally, the pedestrian traffic volume was significant enough to justify the presence of a
traffic signal. However, all vehicular volumes were below the necessary amount to justify a
traffic signal. Because of this, one of the recommendations made by TMS Engineers was to put
a stop sign on the exit of the parking lot and a pedestrian hybrid beacon across South Belvoir2.
A typical pedestrian hybrid beacon, shown in Figure 1 below, contains a control system,
traffic light to control traffic and a push button for pedestrian activation. When needed,
pedestrians press the button to trigger the signal. At this time it goes through a sequence to
stop traffic and allow pedestrians to cross. After an allotted time, the signal goes through
another sequence before allowing pedestrians to cross once again.
Traditional pedestrian hybrid beacons are designed for a location where pedestrian
crossing is seen to be dangerous because of vehicular volume, pedestrian volume, or multi-lane
traffic. Ideally, it is placed away from turning or acceleration lanes. These beacons have been
shown to reduce total crashes and greatly reduce pedestrian crashes3.
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Figure 1. A pedestrian hybrid beacon instillation in Phoenix
Phoenix, Arizona.
The study area does not reflect an ideal location for a pedestrian hybrid beacon. A
pedestrian hybrid beacon is to be installed in an area with a long straight away, with traffic flow
only in the two directions across the crosswalk, void of turn lanes, and away from any
acceleration or deceleration2. The South Belvoi
Belvoir study area involves a short segment of traffic
flow with acceleration and deceleration due to stops signs located on each end of the block.
Additionally, there is a third direction of travel and turning lanes associated with this
intersection. The general pedestrian hybrid beacon design does not fit under these conditions
other than a large volume of pedestrian traffic.
Further, TMS Engineers, Inc. recommended placing a stop sign on the parking lot exit.
This stop sign defeats the purpose of the pedestrian hybrid beacon as there would be no
notification of pedestrians in the crosswalk given to the drivers. Taking these unique
characteristics into account a new pedestrian hybrid beacon control system can be designed to
fit this situation. This system will have the same imp
improvement
rovement to pedestrian safety as previous
pedestrian hybrid beacons in the appropriate locations.
This new pedestrian hybrid beacon will treat each crosswalk as its own entity,
entity allowing
traffic that does not intersect with the active crosswalk to conti
continue.
nue. The current system or a
previous hybrid beacon will stop all traffic for a pedestrian in either of the crosswalks,
crosswalk creating
less efficient travel
vel with no benefit to safety.
With this overall behavior in mind, a new pedestrian hybrid beacon control system
sy
circuit is designed. First, using MultiSim, timing, combinational, and sequential logic circuits are
created for this pedestrian beacon system which are then transferred
ransferred to a model breadboard
circuit.. The timing circuits are designed using 555 timer
timerss operating in astable and monostable
modes. The astable circuit is used as the internal system clock. The monostable circuits control
the timing of the lights and are either retriggerable or non
non-retriggerable.
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A timing diagram was used to determine the sequential and combinational logic circuits.
These circuits use a multitude of different logic gates. The sequential logic also makes use of JK
flip flops to control the flashing action of the lights. Together, these circuits ensure proper
system behavior.
Design
When designing this system, the main priority is ensuring that pedestrians are safe and
feel safe when utilizing the crosswalk while also allowing for efficient flow for vehicles and
pedestrians. To meet this two-part goal it is important to allow adequate time for pedestrians
to cross, articulate a clear message to pedestrians and vehicles, and create efficient traffic flow
while addressing the unique aspects of the study area. Efficient traffic flow will keep
pedestrians or drivers from becoming frustrated or impatient. Inefficient traffic flow could lead
to individuals not following the directions from the system.
The first unique characteristic of this area, presently, is the double crosswalk that
sandwiches the exit drive as seen in Figure 2. Because of the location of these crosswalks, it is
possible for vehicular traffic, turning into or out of the parking lot in certain directions to do so
without passing through crosswalks. Doing so should provide an improvement in efficiency
without affecting the safety of pedestrians.

Figure 2. A schematic representation of the study area with the symbols used throughout the
project. The symbols shown represent: PN- The Pedestrian sensor on the northern crosswalk.
Ps- The Pedestrian sensor on the southern crosswalk. NS- Vehicle light control for traffic
traveling north and straight through the intersection. SS- Vehicle light control for traffic
traveling south and straight through the intersection. NL- Vehicle light control for traffic
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traveling north and turning left through the intersection. SR- Vehicle light control for traffic
traveling south and turning right through the intersection. EL- Vehicle light control for traffic
exiting the parking lot and turning left through the intersection. ER- Vehicle light control for
traffic exiting the parking lot and turning right through the intersection.
One unique situation occurs when a pedestrian is crossing using the southern crosswalk.
Southbound traffic is able to turn right into the parking lot as eastbound traffic can turn left out
of the parking lot. Neither of these interferes with the safety of the pedestrians, the main
priority of the system.

Figure 3. Proposed design with pedestrian crossing with the southern crosswalk.
A similar situation arises when a pedestrian is crossing by the northern crosswalk. In
this situation, as displayed in Figure 4, traffic exiting and turning right can proceed along with
northbound traffic that is turning left. Once again, this is a situation that a generic hybrid
pedestrian beacon has not been designed to address.
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Figure 4. Pedestrian crossing by the northern crosswalk.
When pedestrians are utilizing both crosswalks, traffic is stopped in all directions. To
allot enough time for pedestrians to cross safely, in this situation and all others, the walk
condition will remain for fifteen seconds. With a crosswalk of roughly 30 feet and
conservatively a person walks three feet per second, this will allow for more than enough time
for crossing. This will be followed by another four seconds, with traffic lights flashing, to ensure
pedestrians have crossed safely.
Results
Initially, a three part logic control is developed for this system. The three parts are the
sequential logic, the combinational logic, and the timing circuits. Each has its own
responsibilities but must be able to send and receive the proper information from the other
elements. The sequential receives information from the timing and combinational logic circuits.
The sequential logic is important to ensure that the four seconds flashing, fifteen
seconds on, four seconds flashing, blanked pattern is followed each time. To control the
flashing, a JK Flip Flop will be used in toggle mode. In toggle mode, a JK Flip Flop receives two
high inputs. With each clock pulse, the JK Flip Flop output flips between low and high, flashing
on and off. A series of logic gates will also be used to control when this flashing occurs. Figure 5
demonstrates this behavior.
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1. The light remains blank until it is
activated.

2. Once activated, the light flashes for 4
seconds.

3. The light remains on for 15 seconds to
allow for pedestrians to cross safely.

4. The light flashes once again for four
seconds.

5. The light returns to being blank

Figure 5. The overall sequence and behavior of the light system as controlled by the sequential
logic
Each light will have its own sequential logic circuit as each is affected differently by the
input conditions. This will ensure that lights only flash when they are transitioning from on to
off or off to on. However, all the flip flops will be connected to the same clock. Using the same
clock will cause the lights to flash at the same time. Figure 6 below shows the sequential circuit
that is used to control the traffic traveling straight on Belvoir in both the North and South
directions.
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Figure 6. An example of the sequential logic circuits used, pictured is the sequential for traffic
traveling straight on Belvoir in both the North and South directions
(File:StraightLightControl.ms13)
A timing diagram, Figure 7, was essential to determining what conditions would lead to
lights flashing. The lights should flash when the combinational transitions from high to low.
However, to reduce the number of components and complexity it is best to place the falling and
rising edge sensors on the pedestrian timing outputs, shown in Figure 8. Using this timing
diagram, the logic for each of the sequential circuits was determined.
A timing diagram displays what should be happening in the circuit at a given time. For
example, the highlighted section below begins with no pedestrians present. Lights that are
“on” are shown to be “high”. Once a pedestrian activates the signal, the PNL condition is turned
on which leads to PNS (which ensures the lights flash before being turned on), Straight, and SR to
also be turned on while ER is turned off. After four seconds, PNS turns off, lights stop to flash
and lights are on or off.
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VSL
VSS
PNL
PNS
PSL
PSS
Straight
NL
SR
EL
ER
Figure 7. The PNL, PSL, and VSL are the long timer outputs for the sensors which ensure enough
time for pedestrians to cross and vehicles to exit the parking lot. The PNS, PSS, and VSS are four
second timers that are triggered by a falling and rising edge sensor.

Figure 8. Rising and Falling Sensor used on the pedestrian and vehicle sensor long timers.
(File:EdgeSensor.ms13)
Combinational logic for this circuit controls when lights should be turned on at what
times. Table 1 displays the Boolean logic that is used to control each light. When the signal
output is high, the light will turn on to begin the sequence to stop traffic.  is the pedestrian
sensor on the northern crosswalk and  is the sensor on the southern crosswalk. Also,  is
the vehicle sensor that is located on the parking lot exit. The basic notation rules for Boolean
Algebra, which are expressed in the logic diagram are as follows. When a condition is met, it is
considered to be “high” or equal to “one”. In this case, it would lead to a light being turned on.
A plus sign, “+”, symbolizes or, if condition A “or” B is high, the output will be high. When
different conditions are positioned next to one another, this symbolizes “and”, all of the
conditions must be high for a high output. A bar above a symbol represents “not”. This means
the condition is flipped between high and low.
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South Right
South Straight





North Left
North Straight

     

       
     



       

Table 1. Combinational Boolean Logic
The implementations of these conditions are carried out by a series of logic gates.
These gates control when each light will be turned on. When the logic output is high, the light
is supposed to be turned on. This information is sent to the sequential circuit which determines
whether the light should be on or flashing. Figure 9 depicts the Multisim interpretation of this
circuit.

Figure 9. Combinational logic circuit for pedestrian hybrid beacon. (File:ComboFix.ms13)
The timing circuits used will operate a four second timer, a nineteen second timer, a ten
second timer, and a clock. The timers will be implemented using 555 timers. 555 Timers are
versatile devices commonly used to address many timing needs. The period of the four,
nineteen, and ten second timers is determined by equation 14.
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 1.1  .

(1)

In this equation, T is the period of the timer, R is the value of resistor R3 in Figure 10. C
is the capacitance of the C2 in Figure 10. The four and ten second timers are non-retriggerable
monostable circuits. Once they are triggered, by an incoming low pulse, they cannot be
triggered again until they have finished their cycle. As a monostable circuit, these timers are
stable in one state, low, and when triggered will output a high signal for a specific amount of
time.

Figure 10. Four second timer circuit diagram in MultiSim. (File: 4sTimer.ms13)
The nineteen second timer, which will be used to ensure pedestrians have enough time
to cross the intersection will be a retriggerable monostable circuit. The period of this circuit is
by equation 1. A BC557B PNP bipolar junction transistor is added to the circuit to add the
retriggerable function. When the input is triggered additional times, the transistor discharges
the timing capacitor which will then begin recharging. This action extends the period of the
output pulse. Figure 11 shows this circuit.
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Figure 11. Nineteen second retriggerable monostable circuit. (File: 19sRetriggerableFixed.ms13)

The nineteen second timers are connected to a time limiter, an additional 555
monostable circuit. This timer is turned on and off by the nineteen second timer. It is turned
on when the nineteen second is high and when the nineteen second is low, the limiter is reset
to output low. The limiter will also output low when it runs its full cycle even if the input from
the nineteen second timer is still high. Doing so will ensure that traffic will not be backed up for
an excessive amount of time. Once the circuit has completed its period, roughly ninety
seconds, traffic will have an opportunity to proceed through the intersection. Figure 12
displays this circuit as represented in Multisim.
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Figure 12. A model of the time limiter circuit (File: ImprovedTimeLimitter.ms13)
The final timing circuit is an astable timing circuit. Once again, this uses a 555 timer,
with the period determined by equation 1. An astable circuit continually oscillates between
high and low output. Currently, it is designed so that it oscillates at a rate of five times per
second. This circuit is shown in Figure 13.

Figure 13. The astable 555 timer circuit that controls rate of light flashing. (File:
FlashingClock.ms13)
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Additional figures display how all of these components and circuit come together to
create the final, working system. These can be found in the Appendix section of this report.
Under all of the input conditions and tests the circuits behaved as expected without errors.
MultiSim hierarchal blocks were utilized to clean up the appearance of the circuits and to make
connections.
Further work was then carried out to continue the prototyping and design process.
Beginning this semester, the original circuit design was used to build a real
real-world
world model on
breadboards. During this next stage of prototyping, a few improvements were made to the
circuit. Additionally, a new type of rising and falling sensor had to be developed. The previous
model worked flawlessly on the computer. However, this did not translate over into the
physical model.
The physical model quickly encountered an issue w
when
hen the rising and falling sensors
failed to operate properly. The new rising and falling edge detector utilized logic gates and D
flip flops. The Boolean logic equation for a rising edge sensor is shown by equation 2 and for a
falling edge sensor is shown
wn by equation 35.
(2)
(3)
Where the output is high for a rising edge or falling edge, depending on which sensor it is, and
low at all other times, D is the input of the D flip flop, and Q is the output of the D flip flop as
shown in Figure 18.. This edge detector outputs the same logic as the previous but has worked
both on the computer and the breadboard model.

Figure 14. The updated MultiSim Edge Detector utilizing D Flip Flops. (File: EdgeDetector.ms13)

Conclusions
The creation of a customized hybrid pedestrian beacon will best address the needs and
challenges of the South Belvoir Boulevard intersection. The proposed system will meet these to
provide both safe and efficient travel for pedestrian and vehicular traffic. This system closely
adheres to the recommendations of the TMS Engineers following their study done in 2011. The
initial prototype design performs
erforms as expected, consistent with the computer model. All of the
changes made have improved the over
overall performance of the system.
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Appendix

Figure 15. The completed circuit which was tested and operated properly (File:
CompletedCircuit.ms13)

Figure 16. The full control comprised of the timing, combinational, and sequential circuits (File:
FullCircuit.ms13)
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Figure 17. Vehicle Sensor circuit (File: VSensorFixed.ms13)

Figure 18. Pedestrian North Sensor circuit (File:PedNorth.ms13)
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Figure 19. Pedestrian South Sensor circuit (File:PedSouth.ms13)

Figure 20. North Left Light control (File:NLeftLightControl.ms13)
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Figure 21. Exit Left Light control (File:ExitLeftLightControl.ms13)

Figure 22. Exit Right Light control (File:ExitRightLightControl.ms13)
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Figure 23. South Right Exit Light control (File:SRightLightControl.ms13)
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